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SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device and a method of manufacturing the same. 
0003 Priority is claimed on Japanese Patent Application 
No. 2007-337091, filed Dec. 27, 2007, the content of which is 
incorporated herein by reference. 
0004 2. Description of the Related Art 
0005 Recently, techniques related to semiconductor 
devices and methods of manufacturing the same have rapidly 
been progressing, and various techniques have been devel 
oped. 
0006 For example, Japanese Laid-open Patent, Publica 
tion No. H09-260536 discloses a new structure of a semicon 
ductor device. In the structure, a flexible wiring substrate is 
provided on the bottom surface of a semiconductor chip 
through an elastomer. Electrode pads provided on the semi 
conductor chip are electrically connected to lead portions of 
wirings provided at an opening provided on the wiring Sub 
strate. External terminals are provided on the bottom surface 
of the wiring Substrate. A seal made of an insulating resin 
covers the electrode pads and the lead portions that are in the 
opening. 
0007. However, the electrode pads are connected to the 
lead portions at the opening provided on the wiring Substrate, 
causing a problem in that the lands are positioned far from the 
electrode pads. Since the operation speed is becoming faster 
and faster year after year, reduction in the operation speed 
might occur if the lands are positioned far from the electrode 
pads. 
0008 Since the opening is provided around the electrode 
pads, external terminals cannot be arranged therein, and 
therefore the number of external terminals that can be 
arranged on the connection region of the wiring Substrate and 
the semiconductor chip is Small in Some cases. 
0009. In this case, external terminals have to be arranged 
outside the connection region, requiring a larger wiring Sub 
strate, and therefore a larger package of a semiconductor 
device, which is against the recent trend toward thinner and 
lighter semiconductor devices. Recently, the increasing num 
ber of external terminals has been required for semiconductor 
devices. Therefore, ways to increase the number of external 
terminals to be arranged on the connection region of the 
wiring Substrate and the semiconductor device have been 
attracting more and more attention. 
0010 Since the semiconductor chip is mounted on the 
wiring Substrate, the wiring Substrate has to be larger in size 
than the semiconductor chip even if all of external terminals 
can be included inside the area where the semiconductor chip 
is mounted, requiring a larger package of the semiconductor 
device, which is also against the recent trend toward thinner 
and lighter semiconductor devices. 
0011 Further, the opening has to be provided on the wir 
ing Substrate, and therefore there is a waste region to be cut 
down, making the wiring Substrate larger. If a larger wiring 
substrate is used, the number of wiring substrates that can be 
obtained from one original Substrate decreases, causing 
higher costs of forming wiring Substrates. 
0012 Moreover, the semiconductor chip is mounted on 
the wiring Substrate through the elastomer (elastic member) 
in the structure so that stress caused by a difference in thermal 
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expansion coefficients between the semiconductor chip and 
the wiring substrate is reduced, and thereby the reliability of 
a secondary mounting is enhanced. However, costs of manu 
facturing the semiconductor device become higher since the 
elastomer is expensive, and the semiconductor device 
becomes thicker due to the elastomer, which is also against 
the recent trend toward thinner and lighter semiconductor 
devices. 

0013 Japanese Laid-open Patent, Publication No. 2002 
110856 discloses a method of mounting interposers formed 
by cutting a wiring Substrate into pieces for each element on 
non-defective semiconductor chips provided on a semicon 
ductor wafer and then cutting the semiconductor wafer into 
semiconductor chips. 
0014. In this method, however, the interposers respec 
tively having Substantially the same sizes as those of the 
semiconductor chips are mounted on the semiconductor chips 
provided on the semiconductor wafer along dicing lines with 
no space thereamong. Therefore, the interposers mounted on 
adjacent semiconductor chips contact each other, and the 
mounting positions of the interposers might be displaced 
when electrode pads are aligned on a circumference of each 
semiconductor chip. 
0015. If displacement of the interposers occurs, the cutting 
precision when the semiconductor wafer is cut into semicon 
ductor chips deteriorates, causing deterioration in the dimen 
sional precision of the semiconductor device. 
0016 Further, there is no room for an adhesive to spread, 
and thereby the adhesive might leak into an adjacent semi 
conductor chip when the interposers respectively having Sub 
stantially the same sizes as those of the semiconductor chips 
are mounted on the semiconductor chips using the adhesive. 
When the adhesive leaks into the adjacent semiconductor 
chip, an adjacent interposer cannot precisely be mounted on 
the adjacent semiconductor chip, and might cover electrode 
pads on the adjacent semiconductor chip. 
0017. Since the interposers respectively having substan 

tially the same sizes as those of the semiconductor chips are 
mounted on the semiconductor chips, stress caused by a dif 
ference in thermal expansion coefficients between the inter 
posers and the semiconductor chips cannot be reduced, 
decreasing the reliability of a secondary mounting of the 
semiconductor device. Further, voids might occur between 
the semiconductor chips and the interposers, causing crack 
ing to occur when the semiconductor device is reflowed. 
Moreover, the size of each interposer has to be changed 
according to the size of each semiconductor chip since each 
interposer is formed for each element. 
0018. As another example of semiconductor manufactur 
ing methods, Japanese Laid-open Patent, Publication No. 
2006-216823 discloses a method of forming wiring sub 
strates to match semiconductor chips provided on a semicon 
ductor wafer, mounting the wiring Substrate on the semicon 
ductor wafer, and collectively cutting the semiconductor 
wafer and the wiring Substrate. 
0019. However, grooves are provided on the wiring sub 
strate of the semiconductor device. Therefore, lands are posi 
tioned far from electrode pads, causing operation delay as 
explained above. Further, external terminals need to be 
aligned on the semiconductor Substrate outside the regions 
where the semiconductor chips are arranged, necessitating a 
larger package size of the semiconductor device. Moreover, 
waste regions to be cut down increase. Thereby, the number of 
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wiring Substrates that can be obtained from one original Sub 
strate decreases, causing higher costs of forming wiring Sub 
Strates. 

0020. When the wiring substrate is collectively mounted 
on the semiconductor wafer, little displacement on one side of 
the wiring Substrate causes large displacement on the other 
side thereof, necessitating a precise position setting of the 
wiring Substrate. 
0021. Further, a layout of the wiring substrate is deter 
mined for each semiconductor wafer, the size and the layout 
of the wiring Substrate need to be changed when the size and 
the layout of the semiconductor chip is changed. 

SUMMARY 

0022. In one embodiment, there is provided a method of 
manufacturing a semiconductor device which may include: 
forming terminals on a wafer and across each of dicing lines 
along which the wafer is cut into a plurality of semiconductor 
chips; preparing a plurality of pre-cut Substrates each includ 
inga Substrate body capable of being cut along corresponding 
one of cutting lines into a pair of same structured substrate 
pieces, connection pads provided on a top Surface of the 
substrate body, and external terminals formed on a bottom 
surface of the substrate body and connected to the connection 
pads; mounting the pre-cut Substrates onto the wafer while the 
cutting lines of the pre-cut Substrates match the dicing lines; 
and simultaneously dicing the wafer and the pre-cut Sub 
strates along the dicing lines matching the cutting lines. 
0023. In another embodiment, there is provided a semi 
conductor device which may include: a semiconductor chip in 
Substantially a rectangular shape; a plurality of terminals 
provided on a bottom Surface of the semiconductor chip along 
two opposing dicing sides; and a pair of Substrates mounted 
on the semiconductor chip along the dicing sides which 
match cut sides of the substrates. Each of the substrates may 
include: a Substrate body; a plurality of connection pads pro 
vided on atop Surface of the Substrate body along correspond 
ing one of the cut sides and connected to corresponding 
terminals of the terminals; and a plurality of external termi 
nals provided on a bottom surface of the substrate body and 
connected to the connection pads. 
0024. As a result, a thinner-and-smaller semiconductor 
device applicable to various semiconductor chips and a 
method of efficiently manufacturing the semiconductor 
device can be provided. Further, operation delay of the semi 
conductor device can be prevented since the distance between 
each connection pad and a corresponding external terminal is 
shortest, making the processing speed of the semiconductor 
device faster. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025. The above features and advantages of the present 
invention will be more apparent from the following descrip 
tion of certain preferred embodiments taken in conjunction 
with the accompanying drawings, in which: 
0026 FIG. 1 is a plane view illustrating a semiconductor 
device according to a first embodiment of the present inven 
tion; 
0027 FIG. 2A is a cross-sectional view taken along a line 
A-A shown in FIG. 1; 
0028 FIG. 2B is a partially enlarged view illustrating a 
portion F shown in FIG. 2A; 
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(0029 FIGS. 3A to 3C are perspective views illustrating 
connection types of wiring Substrates and a semiconductor 
chip of the semiconductor device according to the first 
embodiment; 
0030 FIG. 4 is a cross-sectional view illustrating the semi 
conductor device according to the first embodiment being 
mounted on a mounting Substrate; 
0031 FIGS.5A to 5F are cross-sectional views indicative 
of a process flow illustrating a method of manufacturing the 
semiconductor device according to the first embodiment; 
0032 FIG. 6 is a plane view illustrating an example of the 
wiring Substrates being mounted on a semiconductor wafer of 
the semiconductor device according to the first embodiment; 
0033 FIG. 7 is a plane view illustrating a semiconductor 
device according to a second embodiment of the present 
invention; 
0034 FIG. 8 is a plane view illustrating an example of 
wiring Substrates being mounted on a semiconductor wafer of 
the semiconductor device according to the second embodi 
ment; 
0035 FIG. 9 is a plane view illustrating a semiconductor 
device according to a third embodiment of the present inven 
tion; 
0036 FIG. 10 is a cross-sectional view taken along a line 
B-B' shown in FIG. 9; 
0037 FIG. 11 is a partially enlarged view of FIG. 10; 
0038 FIG. 12 is a plane view illustrating a semiconductor 
device according to a fourth embodiment of the present inven 
tion; 
0039 FIG. 13 is a cross-sectional view taken along a line 
C-C shown in FIG. 12; 
0040 FIGS. 14A to 14F are cross-sectional views indica 
tive of a process flow illustrating a method of manufacturing 
the semiconductor device according to the fourth embodi 
ment; 
0041 FIG. 15 is a plane view illustrating a semiconductor 
device according to a fifth embodiment of the present inven 
tion; 
0042 FIG. 16 is a cross-sectional view taken along a line 
D-D' shown in FIG. 15: 
0043 FIG. 17 is a plane view illustrating a semiconductor 
device according to a sixth embodiment of the present inven 
tion; 
0044 FIG. 18 is a plane view illustrating a semiconductor 
device according to a seventh embodiment of the present 
invention; 
0045 FIG. 19 is a cross-sectional view taken along a line 
E-E' shown in FIG. 18; and 
0046 FIG. 20 is a plane view illustrating a semiconductor 
device according to an eighth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0047. The invention will now be described herein with 
reference to illustrative embodiments. Those skilled in the art 
will recognize that many alternative embodiments can be 
accomplished using the teachings of the present invention and 
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that the invention is not limited to the embodiments illustrated 
herein for explanatory purpose. 

First Embodiment 

0048. Hereinafter, a first embodiment of the present inven 
tion is explained. 
0049 FIG. 1 is a plane view illustrating a semiconductor 
device 11 according to a first embodiment of the present 
invention. FIG. 2A is a cross-sectional view taken along a line 
A-A shown in FIG. 1. FIG. 2B is a partially enlarged view 
illustrating a portion F shown in FIG. 2A. 
0050. In the semiconductor device 11, wiring substrates 
20 in Substantially a rectangular shape are connected on the 
bottom Surface 1a of a semiconductor chip 1 in Substantially 
a rectangular shape through underfills 5 as shown in FIG. 1. 
0051. The wiring substrates 20 are aligned along opposing 
two sides that are dicing sides 59' of the semiconductor chip 
1 which match cut sides 9" of the wiring substrates 20. Mul 
tiple connection pads 35 are aligned on each wiring Substrate 
20 along the cut side 9. Multiple external terminals 34 made 
of ball terminals 33 are aligned in two lines and in parallel 
with the connection pads 35 on each wiring substrate 20 
inside the connection pads 35. The connection pads 35 are 
electrically connected to the external terminals 34 using wir 
ings 37. 
0052. The wiring substrates 20 are formed by cutting pre 
cut wiring substrates 19that will be explained later into pieces 
along cutting lines 9. Sides of the pieces formed by the cutting 
become the cut sides 9'. 
0053. The semiconductor chip 1 includes a non-depicted 
semiconductor circuit on a Surface of a semiconductor wafer 
(silicon substrate) formed by a diffusion process, photoli 
thography, and the like. The semiconductor circuit includes a 
logic circuit, such as a microprocessor, a memory circuit, 
such as SRAM (static random access memory) or DRAM 
(dynamic random access memory), or the like. 
0054 The size of the semiconductor chip 1 may be, but is 
not limited to, 10 mm x 10 mm. As explained later, electrode 
pads 30 connected to the semiconductor circuit are provided 
along the dicing lines 59' on the semiconductor chip 1. As 
shown in FIGS. 2A and 2B, bump electrodes 31 are respec 
tively provided on the electrode pads, thereby forming termi 
nals 8. 
0055. The wiring substrate 20 includes a substrate body 7 
in Substantially a rectangular shape, connection pads 35, and 
the external terminals 34 on the substrate body 7. The sub 
strate body 7 of the wiring substrate 20 is preferably a flexible 
tape Substrate which is easy to be processed and can make the 
semiconductor device lighter and thinner. 
0056. The substrate body 7 of the wiring substrate 20 is 
made of, for example, a polyamide resin of high strength, 
thermal resistance, and excellent electric insulation. The 
polyamide resin has the very low linear expansion coefficient, 
and therefore is nearly a metal. As a result, deformation of the 
polyamide resin caused by thermal expansion thereof with 
metal wirings on an electronic circuit hardly occurs when the 
polyamide resin is used as an insulating material for the 
electronic circuit, thereby enabling precise wiring process 
1ng. 
0057 The wiring substrate 20 is preferably smaller than 
the semiconductor chip 1. For example, the wiring Substrate 
20 may approximately be, but is not limited to, 2 mmx9 mm 
with respect to the semiconductor chip 1 of 10 mmx10 mm. 
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0058. With the use of the wiring substrate 20 that is 
Smaller than the semiconductor chip 1, stress caused by a 
difference in thermal expansion coefficients can be reduced, 
and the reliability of a secondary mounting of the semicon 
ductor device 11 can be enhanced. Since the wiring substrate 
20 is one of the pieces into which the pre-cut wiring substrate 
is cut for each group of terminals, stress can be further 
reduced, and the reliability of a secondary mounting of the 
semiconductor device 11 can be further enhanced. 

0059. In this manner, the semiconductor chip 1 can house 
the wiring Substrates 20, thereby implementing a chip-sized 
semiconductor device. 

0060 Although the wiring substrate 20 shown in FIG. 1 is 
in Substantially a rectangular shape when planarly viewed, 
the shape of the wiring substrate 20 is not limited thereto, and 
may be substantially a polygon. 
0061 Although the wiring substrate 20 is arranged along 
the dicing side 59' of the semiconductor chip 1 which matches 
the cutside 9 when the wiring substrate 20 is planarly viewed, 
the other three sides thereof are preferably separated from 
each side of the semiconductor chip 1 by as much as possible. 
0062 Specifically, the other three sides of the wiring sub 
strate 20 are preferably separated from each side of the semi 
conductor chip 1 by more than 50 lum. If the other three sides 
of the wiring substrate 20 are separated from each side of the 
semiconductor chip 1 by less than 50 um, the wiring substrate 
20 might be scratched by a part of a manufacturing apparatus 
in a manufacturing process, and therefore removed from the 
semiconductor chip 1. 
0063. The wiring substrate 20 has chamfered edges 20d as 
shown in FIG. 1, preventing the wiring substrate 20 from 
being scratched by a manufacturing apparatus and removed 
from the semiconductor chip 1 in a manufacturing process. 
0064. Although not shown in FIGS. 1 and 2, an insulating 
film made of solder resist is provided on a surface 20a of the 
wiring Substrate 20 excluding the connection portions of the 
lands 32, the connection pads 35, or the like. The solder resist 
film is made of for example, an epoxy resin. 
0065. As shown in FIG. 2, a protect insulating film 3 is 
formed over a surface 1a of the semiconductor chip 1 and 
protect the non-depicted semiconductor circuit provided on 
the Surface 1a. As a result, dusts or the like which occur in a 
manufacturing process are prevented from entering the semi 
conductor circuit and causing the semiconductor circuit to 
short out. Therefore, the semiconductor circuit can be pro 
tected. 

0066. As shown in FIG. 2B, the protect insulating film 3 
has openings 3c that are filled with the electrode pads 30. The 
bump electrodes 31 are connected to the electrode pads 30, 
and to the connection pads 35 through adhesives 70. 
0067. The connection pad 35 includes a wiring portion 
35a exposed onto a surface 20a of the wiring substrate 20 on 
the side opposite to the semiconductor chip 1, a wiring por 
tion 35b exposed onto a surface 20b on the side of the semi 
conductor chip 1, and a via hole 38 connecting the wiring 
portions 35a and 35b. 
0068. The wiring portion 35a is connected to a land 32 
through a wiring 37. The land 32 is connected to a ball 
terminal 33 which can be electrically connected to an eternal 
terminal and forms an external terminal 34. 

0069. The size of the external terminal 34 including the 
ball terminal 33 is determined in consideration of the size of 
the semiconductor chip 1. The external terminal 34 may be, 
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but is not limited to, 0.3 mm in diameter and aligned at the 
pitch of 0.5 mm with respect to the semiconductor chip 1 of 10 
mmx10 mm explained above. 
0070 The external terminals 34 including the ball termi 
nals 33 and having the above size can densely be aligned at the 
above pith close to the electrode pads 30 on the semiconduc 
tor chip 1. In this manner, the electrode pads 30 on the semi 
conductor chip 1 are electrically connected to the external 
terminals 34 on the wiring substrate 20. 
0071. Further, the electrode pad 30 and the connection pad 
35 are aligned in the same straight line perpendicular to the 
Surface 1a of the semiconductor chip 1, making a length 
between each electrode pad 30 and the corresponding con 
nection pad 35 shortest. As shown in FIG. 1, the external 
terminals 34 including the ball terminals 33 are densely 
aligned in two lines close to the electrode pads 30 on the 
semiconductor chip 1, making a length of each wiring 37 
between the connection pad 35 and the corresponding exter 
nal terminal 34 shortest. 

0072. In this manner, the electrode pads 30, the connection 
pads 35, the wirings 37, and the lands 32 are aligned so that 
the length of each wiring between each electrode pad 30 on 
the semiconductor chip 1 and the corresponding external 
terminal 34 on the wiring substrate 20 becomes shortest. 
Therefore, operation delay of the semiconductor device 11 
can be prevented, making the processing speed of the semi 
conductor device 11 faster. Current noises that are likely to 
occur when the length of the wiring 37 or the via hole 38 is 
long can be reduced. 
0073. Further, the external terminals 34 including the ball 
terminals 33 are aligned in two lines and in a grid as shown in 
FIG. 1. Thereby, the external terminals 34 can be densely 
aligned. For example, the length from the connection portion 
35a to the land 32 in the second line can be approximately 
0.75 mm with respect to the semiconductor device 11 of 10 
mmx10 mm explained above. 
0074 Since the external terminals 34 are densely aligned, 
the semiconductor device 11 can be smaller, current noises 
can be prevented from occurring when the lengths of the 
wirings are long, and stable electric signals can be conducted. 
0075. The ball terminal 33 may be, for example, a solder 

ball. Only the lands 32 may be connected to external termi 
nals and form the external terminals 34 instead of the ball 
terminals 33 being mounted thereon. In other words, not only 
a BGA (ball grid array) type semiconductor device, but also 
an LGA (land grid array) type semiconductor device can be 
implemented. 
0076. The wiring substrate 20 cannot easily be removed 
from the semiconductor chip 1 since the connection pads 35 
are connected to the bump electrodes 31 through the adhe 
sives 70, and the wiring substrate 20 is fixed onto the semi 
conductor chip 1 through the underfill 5. 
0077 FIG. 3 is a perspective view illustrating connection 
types of the semiconductor chip and the wiring Substrate 
according to the first embodiment. FIG. 3A shows a case 
where the number of the connection pads on the wiring Sub 
strate is identical to that of the electrode pads on the semi 
conductor chip. FIG. 3B shows a case where the number of 
the connection pads on the wiring substrate is different from 
that of the electrode pads on the semiconductor chip. FIG. 3C 
shows a case where a length of the dicing side of the semi 
conductor chip is made longer than that of the semiconductor 
chip shown in FIG. 3A. 
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(0078. As shown in FIG. 3A, the electrode pads 30 are 
aligned on the semiconductor chip 1 along the dicing sides 59 
of the semiconductor chip 1. The bump electrodes 31 are 
respectively provided on the electrode pads 30, and the elec 
trode pads 30 and the bump electrodes 31 form the terminals 
8. The wiring substrates 20 are aligned on the semiconductor 
chip 1 along the dicing sides 59' of the semiconductor chip 1 
which match the cut sides 9 of the wiring substrates 20. 
(0079. As shown in FIG. 3, the size and the pitch of each 
connection pad 35 on the wiring substrate 20, and the distance 
between the connection pads and the dicing side 59' are com 
monly set So as to be applicable to semiconductor chips 1, 1' 
and 1". As a result, the wiring substrate 20 which is designed 
for the semiconductor chip 1 shown in FIG. 3A is applicable 
to the semiconductor chip 1 including the different number of 
electrode pads aligned differently as shown in FIG. 3B, and 
the semiconductor chip 1" having the different chip size as 
shown in FIG. 3C. 

0080. As shown in FIG. 3, the same wiring substrate 20 
can be used for the semiconductor chip including the different 
number of electrode pads and the semiconductor chip in 
different size. Therefore, there is no need to form a new 
wiring Substrate for each product, and costs for manufactur 
ing semiconductor devices can be reduced. 
I0081 For a semiconductor chip including the different 
number of electrode pads 30 between the opposing sides, 
wiring Substrates can be designed and mounted on the semi 
conductor chip such that the number of connection pads 35 to 
be provided on the wiring substrates is different between two 
sides across the dicing line 59'. 
I0082. When a small substrate is used as the wiring sub 
strate 20, multiple wiring Substrates can be mounted on one 
semiconductor chip 1 across the dicing line 59'. Further, a 
wiring Substrate may be arranged on an intersection of the 
dicing lines 59' of four semiconductor chips 1 so that the 
wiring Substrate can be cut into four pieces, each of which is 
mounted on the corresponding semiconductor chips 1. 
I0083 FIG. 4 is a cross-sectional view illustrating the semi 
conductor device 11 being mounted on a mounting Substrate 
40. 

0084. The semiconductor device 11 is mounted on the 
mounting substrate 40 through the ball terminals 33 con 
nected to lands 32 provided on the mounting substrate 40. A 
passive part 41 is connected onto different lands 32" provided 
on the mounting Substrate 40. The passive part 41 is arranged 
in free space L that is in the center of the semiconductor 
device 11. The center free-space is formed by the wiring 
substrates 20 and the ball terminals 33 being densely arranged 
close to the electrode pads 30. In this manner, a passive part, 
Such as a chip capacitor, a bare chip, a compact electronic 
part, or the like, can be mounted on the center free-space L. 
enhancing the packaging efficiency, and therefore contribut 
ing to miniaturization of the mounting Substrate 40 including 
an electronic device, or the like. 
I0085. According to the semiconductor device 11 of the 
first embodiment, the electrode pad 30 and the connection pad 
35 are aligned in the same straight line perpendicular to the 
Surface 1a of the semiconductor chip 1 in order to make a 
length from the electrode pad 30 to the connection pad 35 
shortest. Additionally, the length of the wiring 37 from the 
connection pad 35 to the external terminal 34 is made short 
est. Thereby, operating delay of the semiconductor device 11 
can be prevented, and the processing speed thereof can be 



US 2009/0166863 A1 

faster. Further, current noises that are likely to occur when the 
length of the via hole 38 is long can be reduced. 
I0086. Additionally, the external terminals 34 including the 
ball terminals 33 are densely aligned in two lines close to the 
electrode pads 30. Thereby, the semiconductor device 11 can 
be further miniaturized. Therefore, current noises that are 
likely to occur when the length of the wirings are long can be 
reduced, and stable electric signals can be conducted. Further, 
free space L can be provided in the center of the semiconduc 
torchip 1 where an active part, such as a chip capacitor, a bare 
chip, a compact electronic part, or the like, can be mounted, 
enhancing the packaging efficiency of the semiconductor 
device 11 and therefore contributing to miniaturization of the 
mounting Substrate 40 including an electronic device or the 
like. 
0087 Further, the wiring substrate 20 is mounted on the 
semiconductor chip 1 along the dicing line 59' which matches 
the cut side 9 so that the three sides of the wiring substrate 20 
excluding the cut side 9 are separated from each side of the 
semiconductor chip 1 by as much as possible. Additionally, 
the wiring substrate 20 has chamfered edges 20d. Thereby, 
the wiring substrate 20 can be prevented from being scratched 
by a manufacturing apparatus in a manufacturing process and 
removed from the semiconductor chip 1. 
0088 Moreover, the protect insulating film 3 is formed 
over the surface 1a of the semiconductor chip 1. Thereby, 
dusts or the like are prevented from entering the semiconduc 
tor circuit and causing the semiconductor circuit to short out, 
and the semiconductor circuit can be protected. 
0089 Additionally, the wiring substrate 20 is smaller than 
the semiconductor chip 1. Thereby, the greater number of 
wiring substrates 20 can be obtained from one original sub 
strate in the process of forming the wiring Substrates 20, 
reducing costs for manufacturing the semiconductor device 
11. Additionally, stress caused by a difference in thermal 
expansion coefficients can be reduced, enhancing the reliabil 
ity of a secondary mounting of the semiconductor device 11. 
Further, a chip-sized semiconductor device 11 can be imple 
mented. 
0090. Further, the semiconductor chip 1 is connected to 
the wiring substrate 20 through the underfill 5 without elas 
tomer, reducing costs for manufacturing the semiconductor 
device 11 and making the semiconductor device 11 thinner 
and lighter. 
0091 Moreover, the same wiring substrate 20 can be used 
for various types of semiconductor chips. Thereby, there is no 
need to form a new wiring Substrate for a semiconductor chip 
including the different number of electrode pads, or a differ 
ent-sized semiconductor chip, reducing costs for manufactur 
ing the semiconductor device 11. 
0092. Hereinafter, a method of manufacturing the semi 
conductor device according to the first embodiment of the 
present invention is explained with reference to FIGS. 5A to 
SF and FIG. 6. 
0093 FIGS.5A to 5F are cross-sectional views indicative 
of a process flow illustrating a method of manufacturing the 
semiconductor device 11 according to the first embodiment. 
Like reference numerals represent like elements of the semi 
conductor device 11. Dicing lines 59 along which a semicon 
ductor wafer 10 is cut into multiple semiconductor chips 1 are 
shown in FIGS. 5A to 5D. 
0094. Firstly, multiple semiconductor circuits (not shown) 
are formed on a Substrate made of for example, silicon to 
form multiple semiconductor chips 1, and then multiple elec 
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trode pads 30 are formed on the circumference of each semi 
conductor chip 1. Then, the insulating film 3 is provided over 
the semiconductor circuits to be protected. Thereby, the semi 
conductor wafer 10 on which the semiconductor chips 1 are 
mounted is formed. 
(0095. Then, the bump electrodes 31 are respectively 
formed on the electrode pads 30 using a bonding apparatus 
(not shown). The bonding apparatus melts an edge of a wiring 
made of for example, Auto be in a ball shape, and connects 
the melted edge onto the electrode pad 30 by ultrasonic ther 
mocompression. Then, the other edge of the wiring is cut to 
form the bump electrode 31 on the electrode pad 30 as shown 
in FIG. 5A. Thereby, the electrode pad 30 and the bump 
electrode 31 form the terminal 8. 
0096. A print mask 52 having mask openings 52c at posi 
tions onto which the pre-cut wiring substrates 19 will be 
connected is formed on the semiconductor wafer 10. Then, 
underfills 5 are flowed onto the mask openings 52c using, for 
example, a squeegee 50 as shown in FIG. 5B. The print mask 
52 is removed after the underfills 5 are flown onto every mask 
opening 52c. 
0097. Then, the pre-cut wiring substrate 19 that is smaller 
than the semiconductor chip 1 is set to a collet chuck 53. As 
shown in FIG. 5C, the collet chuck 53 is moved to adjust the 
cutting line 9 of the pre-cut wiring substrate 19 to the dicing 
line 59 and to separate each side of the pre-cut wiring sub 
strate 19 other than the cutting line 9 from the dicing line 59 
by more than 50 Lum. 
0098. Then, the collet chuck 53 is pushed down to fix the 
pre-cut wiring substrate 19 onto the semiconductor wafer 10 
through the underfill 5 so that the electrode pad 30 of the 
semiconductor chip 1 is connected onto the connection pad 
35. The underfill 5 has the size such that the underfill 5 is 
applied to the entire surface of the pre-cut wiring substrate 1 
that is smaller than the semiconductor chip 1. Since the four 
sides of the pre-cut wiring substrate 19 are separated from 
each side of each semiconductor chip 1, the underfill 5 does 
not leak onto the adjacent semiconductor chip 1. 
0099. The connection portions 35b are provided along the 
cutting line 9 on a surface 19b of the pre-cut wiring substrate 
19 which is on the side of the semiconductor chip 1. Thereby, 
the bump electrodes 31 of the semiconductor chip 1 are easily 
connected onto the connection portions 35b of the pre-cut 
wiring substrate 19 by the cutting line 9 being matched the 
dicing line 59. 
0100. The connection portions 35a connected to the con 
nection portions 35b through the via holes 38, and the lands 
32 connected to the connection portions 35a through the 
wirings 37 are provided on a surface 19a of the pre-cut wiring 
substrate 19 which is on the side opposite to the semiconduc 
tor chip 1. Thereby, the bump electrodes 31 of the semicon 
ductor chip 1 are electrically connected to the lands 32. 
0101 Then, the ball terminals 33 made of, for example, 
solder are set to a mounting apparatus 54, and the positions 
thereof are adjusted to those of the lands 32 on the pre-cut 
wiring substrate 19 as shown in FIG. 5D. 
0102 Then, the mounting apparatus 54 is pushed down in 
the direction indicated by an arrow shown in FIG. 5D, and 
thereby the ball terminals 33 are mounted and reflowed on the 
lands 32 on the pre-cut wiring substrate 19 to form the exter 
nal terminals 34. 
0103 Although the mounting process is not limited 
hereto, the external terminals 34 are formed using, for 
example, the mountingapparatus 54 in the above manner. The 
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mounting apparatus 54 includes multiple Suction holes (not 
shown) corresponding to the lands 32 on the pre-cut wiring 
substrate 19. Accordingly, all of the ball terminals 33 can be 
held at the same time according to the number and positions 
of the lands 32 on the pre-cut wiring substrate 19 to be 
mounted on each semiconductor chip 1. Then, the ball termi 
nals 33 can collectively be mounted on the pre-cut wiring 
substrate 19 by flux being applied to the ball terminals 33. 
0104. In this manner, the external terminals 34 including 
the ball terminals 33 are formed on the surface 19a of the 
pre-cut wiring substrate 19 that is opposite to the semicon 
ductor chip 1. Thereby, the electrode pads 30 on the semicon 
ductor chip 1 are electrically connected to the external termi 
nals 34. Additionally, external terminals need not be provided 
on regions outside the semiconductor chip 1, making the 
semiconductor device 11 thinner and smaller. 
0105. Then, the semiconductor wafer 10 is cut along the 
dicing lines 59 into multiple semiconductor chips 1 using a 
dicing blade 55. As a result, the pre-cut wiring substrate 19 
mounted on two semiconductor chips across the dicing line 
59 is cut along the cutting line 9, and becomes wiring sub 
strates 20. Each side of the semiconductor chip 1 becomes the 
dicing side 59', and the side of the wiring substrate 20 that has 
been cut becomes the cut side 9'. 
0106. In this dicing process, the rear side of the semicon 
ductor wafer 10 is bonded onto a dicing tape 61 to be sup 
ported. Then, the semiconductor wafer 10 is cut along the 
dicing lines 59 into each semiconductor chip 1 using the 
dicing blade 55 of a dicing apparatus (not shown) rotating at 
high speed. 
0107 The semiconductor chip 1 and the pre-cut wiring 
substrate 19 are cut at the same time along the cutting line 9 
provided in substantially the center of the pre-cut wiring 
substrate 19 fixed by the underfill 5. Therefore, the wiring 
substrate 20 is not removed from the semiconductor chip 1 
upon the cutting. 
0108. The four sides of the pre-cut wiring substrate 19 are 
separated from the dicing lines, the dicing blade 55 does not 
contact the pre-cut wiring substrate 19 when only the semi 
conductor chips 1 are diced, preventing the wiring Substrates 
20 from being removed from the semiconductor chips 1. 
0109 Then, each semiconductor chip 1 is picked up from 
the dicing tape 61 using a pushing apparatus 57 as shown in 
FIG. 5F. Thereby, the semiconductor device 11 as shown in 
FIGS. 1 and 2 can be obtained. 
0110 FIG. 6 is a plane view illustrating an example of the 
pre-cut wiring Substrates being mounted on the semiconduc 
tor wafer at the state shown in FIG. 5D. 
0111. As shown in FIG. 6, the cutting lines of the pre-cut 
wiring substrates 19 are matched the dicing lines 59, and one 
pre-cut wiring Substrate 19 is mounted on two semiconductor 
chips 1 across the dicing line 59. 
0112) If the wiring substrate 20 is mounted on each semi 
conductor chip 1, the wiring substrates 20 overlap each other 
in some cases. In the above method, however, the wiring 
substrates 20 are prevented from overlapping each other. 
Therefore, the semiconductor chip 1 on which the wiring 
substrates 20 are mounted can precisely and efficiently be 
formed. Further, the number of the pre-cut wiring substrates 
19 to be mounted on the semiconductor wafer 10 can be 
reduced, enhancing the manufacturing efficiency. 
0113. The pre-cut wiring substrate 19 is applicable to vari 
ous semiconductor chips 1 including a semiconductor chip 
having the different number of electrode pads or different 
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positions of the electrode pads and a different-sized semicon 
ductor chip by standardizing the size and a pitch of the con 
nection pads 35, and the distance between the connection 
pads 35 and the dicing line 59. 
0114. Not only the semiconductor chip 1 including a non 
defective semiconductor circuit, but also a semiconductor 
chip 90 including a defective semiconductor circuit are 
shown in FIG. 6. The pre-cut wiring substrate 19 is not 
arranged on the semiconductor chip 90 including the defec 
tive semiconductor circuit. 

0.115. When the pre-cut wiring substrate 19 is mounted on 
the semiconductor chip 1, whether the semiconductor circuit 
is defective or non-defective is firstly determined. Then, the 
pre-cut wiring Substrate 19 is mounted only on the semicon 
ductor chip 1 including the semiconductor circuit that is 
determined to be non-defective. 
0116. At this time, a half piece of the pre-cut wiring sub 
strate 19 is mounted on the non-defective semiconductor chip 
1 along the dicing line across which the defective semicon 
ductor chip 90 is located. 
0117. In this manner, the wiring substrates 20 are not 
wasted, reducing costs for manufacturing the semiconductor 
device 11. 

0118. The number of the pre-cut wiring substrates 19 each 
mounted on two semiconductor chips across the dicing line 
59 is not limited hereto as long as the pre-cut wiring substrates 
19 do not overlap each other. For example, two sheets of the 
pre-cut wiring Substrates 19 may be mounted on two adjacent 
semiconductor chips across one common side thereof. 
0119) Additionally, the positions of the pre-cut wiring 
substrates 19 are not limited hereto as long as each pre-cut 
wiring substrate 19 is across the dicing line 59. For example, 
each pre-cut wiring substrate 19 may be mounted on four 
adjacent semiconductor chips at the intersection of two 
orthogonal dicing lines. In this case, each pre-cut wiring 
substrate 19 is cut into four wiring substrates 20 mounted on 
the four adjacent semiconductor chips 1. 
I0120) Further, the size and the layout of the connection 
pads 35, the lands 32 and the like on the pre-cut wiring 
substrate 19 are symmetric to the cutting line 9 as shown in 
FIG. 6. However, the size and the layout thereof may not be 
symmetric to the cutting line 9. With the use of the pre-cut 
wiring Substrate 19 having the asymmetric size and layout, 
the pre-cut wiring substrate 19 is applicable to the semicon 
ductor chip 1 having the size and layout of the electrode pads 
that are asymmetric to opposing sides of the semiconductor 
chip 1. 
I0121 According to the method of manufacturing the 
semiconductor device 11 of the first embodiment, the semi 
conductor wafer 10 having the dicing lines 59 and the pre-cut 
wiring substrate 19 having the cutting lines 9 are used, and the 
cutting lines 9 are matched the dicing lines 59 when the 
pre-cut wiring substrate 19 is mounted on the semiconductor 
chip 1. Therefore, the semiconductor device 11 including the 
semiconductor chip 1 onto which the pre-cut wiring Substrate 
19 is mounted can easily be formed. 
I0122) Additionally, the connection pads 35 on the surface 
19b of the pre-cut wiring substrate 19 are connected onto the 
terminals 8 on the semiconductor wafer 10, and then the 
dicing is performed to obtain the semiconductor chip 1. 
Thereby, the external terminals 34 can easily beformed on the 
surface 19a of the pre-cut wiring substrate 19 mounted on the 
semiconductor chip 1. Further, there is no need to provide 
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external terminals on regions outside the semiconductor chip 
1, making semiconductor device 11 thinner and Smaller. 
0123. Further, the pre-cut wiring substrates 10 are 
mounted on the semiconductor wafer 10, and then the pre-cut 
wiring substrates 10 and the semiconductor wafer 10 are 
diced at the same time. Thereby, the semiconductor device 11 
can efficiently be manufactured. 
0.124 Moreover, each pre-cut wiring substrate 19 is 
mounted on adjacent two semiconductor chips. Thereby, the 
wiring substrates 20 do not overlap each other, which occurs 
if the wiring Substrates are mounted on each semiconductor 
chip 1. Therefore, the semiconductor chip 1 on which the 
wiring Substrates 20 are mounted can precisely and efficiently 
be formed. Further, the number of pre-cut wiring substrates 
19 to be mounted on the semiconductor wafer 10 can be 
reduced, enhancing the manufacturing efficiency. 
0.125. Additionally, the same pre-cut wiring substrate 19 
can be used for various types of semiconductor chips 1, reduc 
ing costs for manufacturing the semiconductor device 11. 

Second Embodiment 

0126 Hereinafter, a second embodiment of the present 
invention is explained. 
0127 FIG. 7 is a plane view illustrating a semiconductor 
device 12 according to the second embodiment of the present 
invention. In the semiconductor device 12, cut sides 9" of 
wiring Substrates 22 in Substantially a trapezoidal shape are 
matched the dicing sides 59' of the semiconductor chip 1 in 
Substantially a rectangular shape. Like reference numerals 
represents like elements of the first embodiment. 
0128 FIG. 8 is a plane view illustrating an example of 
pre-cut wiring Substrates 21 being mounted on the semicon 
ductor wafer 10. As shown in FIG. 8, one pre-cut wiring 
Substrate 21 is mounted on two adjacent semiconductor chips 
1 across the dicing line 59 of the semiconductor chip 1 which 
matches the cutting line 9 of the pre-cut wiring substrate 21. 
0129. The pre-cut wiring substrates 21 and the semicon 
ductor wafer 10 are diced at the same time along the dicing 
lines 59. Thereby, the pre-cut wiring substrates 21 become 
wiring Substrates 22, and a semiconductor device 12 includ 
ing the semiconductor chip 1 on which four wiring Substrates 
22 are mounted is formed. 
0130 Since the wiring substrate 22 is in substantially a 
trapezoidal shape, the wiring Substrates 22 can densely be 
aligned on the semiconductor chip 1, allowing the semicon 
ductor device 12 to be smaller. 
0131 The shape of the wiring substrate 22 is not limited 
hereto as long as the wiring Substrates 22 do not overlap each 
other. Preferably, the edges of the wiring substrate 22 are 
chamfered so that the mounted wiring Substrates 22 are pre 
vented from being removed from the semiconductor chip 1. 
0132. The structure of the second embodiment has a simi 
lar structure as that of the first embodiment. Therefore, simi 
lar effects to those of the first embodiment can be achieved. 

Third Embodiment 

0.133 Hereinafter, a third embodiment of the present 
invention is explained. 
0134 FIG. 9 is a plane view illustrating a semiconductor 
device 13 according to the third embodiment of the present 
invention. FIG. 10 is a cross-sectional view taken along a line 
B-B' shown in FIG. 9. FIG. 11 is a partially-enlarged view of 
the FIG. 9. 
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I0135) In the semiconductor device 13, wiring substrates 
24 in Substantially a rectangular shape are mounted on the 
semiconductor chip 1 in Substantially a rectangular shape 
along the opposing sides of the semiconductor chip 1 that are 
the dicing sides 59' which match the cut sides 9'. Like refer 
ence numerals represent like elements of the first embodi 
ment. 

0.136. As shown in FIGS.9 to 11, gas-release openings 24c 
in Substantially a rectangular shape are provided on the wiring 
Substrates 24 along the cut sides 9". As a result, gas can be 
released when pre-cut wiring Substrates (not shown) are 
mounted on the semiconductor chip 1, preventing Voids 
between the semiconductor chip 1 and the wiring Substrates. 
0.137 Further, only connection portions 24e of the pre 
wiring Substrates need to be cut when the semiconductor 
wafer 10 is diced, reducing the risk of the pre-cut wiring 
substrates being removed from the semiconductor wafer 10 
upon dicing. 
0.138 Moreover, the gas-release openings 24c can be pro 
vided at edge portions 24f of the wiring substrate 24. Thereby, 
the connection portions 24e need not be provided at the edge 
portions 24f reducing regions of the pre-cut wiring Substrates 
to be cut upon dicing the semiconductor wafer 10, and pre 
venting the wiring substrate 24 from being removed from the 
semiconductor chip 1. 
0.139. With the structure of the third embodiment, similar 
effects to those of the first embodiment can be achieved. 

Fourth Embodiment 

0140 Hereinafter, a fourth embodiment of the present 
invention is explained. 
0141 FIG. 12 is a plane view illustrating a semiconductor 
device 14 according to a fourth embodiment of the present 
invention. FIG. 13 is a cross-sectional view taken along a line 
C-C shown in FIG. 12. 
0142. In the semiconductor device 14, the wiring sub 
strates 20 in Substantially a rectangular shape are mounted on 
the semiconductor chip 1 along the opposing sides of the 
semiconductor chip 1 in Substantially a rectangular shape 
while the dicing sides 59' of the semiconductor device 1 
match the cut sides 9 of the wiring substrates 20. Like refer 
ence numerals represent like elements of the first embodi 
ment. 

0.143 A difference from the semiconductor device of the 
first embodiment is in that the underfill 5 covers the entire 
protect insulating film 3 provided on the surface 1a of the 
semiconductor chip 1. By the underfill 5 being provided in 
this manner, a semiconductor circuit formed on the Surface 1a 
of the semiconductor chip 1 can further be protected. 
014.4 FIGS. 14A to 14F are cross-sectional views indica 
tive of a process flow illustrating a method of forming the 
semiconductor device 14 according to the fourth embodi 
ment. 

0145 The method of forming the semiconductor device 
14 includes similar processes to those of the method of form 
ing the semiconductor device 11 of the first embodiment. A 
difference therebetween is in that the underfill forming pro 
cess is not the printing process using a print mask, but a 
coating process by which the underfill 5 is formed so as to 
cover the entire protect insulating film 3. Like reference 
numerals represent like elements of the first embodiment. 
0146. As shown in FIG. 14B, an underfill material 5 is 
dropped by an applicator 60 over the protect insulating film 3 
provided on the surface 1a of the semiconductor chip 1 to 
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form the underfill 5. At this time, the underfill material 5 may 
be dropped to form the underfill 5 while the semiconductor 
wafer 10 is rotated by a spin coater. Thereby, the underfill 5 
can be formed with a precise thickness. 
0147 Then, the cutting lines 9 of the pre-cut wiring sub 
strates 19 are matched the dicing lines 59 of the semiconduc 
torchip 1, and the pre-cut wiring substrates 19 are mounted on 
the semiconductor chip 1 across the dicing lines 59. 
0148. In the fourth embodiment, similar effects to those of 
the first embodiment can be achieved. The underfill 5 can 
more easily be formed with a precise thickness using the 
coating process. Such as a spin coating process, enhancing the 
efficiency of forming the semiconductor device 14. 

Fifth Embodiment 

0149 Hereinafter, a fifth embodiment of the present 
invention is explained. 
0150 FIG. 15 is a plane view illustrating a semiconductor 
device 15 according to a fifth embodiment of the present 
invention. FIG. 16 is a cross-sectional view taken along a line 
D-D'. 

0151. In the semiconductor device 15, the wiring sub 
strates 20 in Substantially a rectangular shape are mounted on 
the semiconductor chip 1 along the opposing sides of the 
semiconductor chip 1 in Substantially a rectangular shape 
while the dicing sides 59' of the semiconductor device 1 
match the cut sides 9 of the wiring substrates 20. Like refer 
ence numerals represent like elements of the first embodi 
ment. 

0152. A difference from the semiconductor device of the 
first embodiment is in that a protector 29 is formed so as to 
cover an exposed surface 3a of the protect insulating film 3. 
By the protector 29 being provided in this manner, a semi 
conductor circuit formed on the Surface 1a of the semicon 
ductor chip 1 can further be protected. 
0153. The protector 29 may be made of an insulating resin 
and formed by, for example, potting. The insulating resin is in 
contact with the side surface 20e of the wiring substrate 20. 
Thereby, the connection strength of the semiconductor chip 1 
and the wiring substrate 20 can be further enhanced. 
0154. In the fifth embodiment, similar effects to those of 
the first embodiment can be achieved. 

Sixth Embodiment 

0155 Hereinafter, a sixth embodiment of the present 
invention is explained. 
0156 FIG. 17 is a partially enlarged view illustrating a 
semiconductor device 16 according to a sixth embodiment of 
the present invention. In the semiconductor device 16, the 
semiconductor chip 1 is mounted on the wiring substrate 20 
through the underfill 5. The surface 1a of the semiconductor 
chip 1 is covered by the protect insulating film 3. Apart of the 
protect oxide film 3 is opened to form the electrode pad 30 
onto which the bump electrode 31 is connected. Like refer 
ence numerals represent like elements of the first embodi 
ment. 

0157 Both surfaces of the wiring substrate 20 are covered 
by solder resist film 72. A recess 74 is provided on the surface 
20b of the wiring substrate 20 which is on the side of the 
semiconductor chip 1. A plating film 71 is formed on an inner 
surface 74a of the recess 74. The plating film 71 is connected 
to the connection pad 35, and to the external terminal 34 
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including the ball terminal 33 and provided on the surface 20a 
opposite to the semiconductor chip 1 through the wiring 37. 
0158. The bump electrode 31 of the semiconductor sub 
strate 1 is connected to the connection pad 35 on the wiring 
substrate 20 through the adhesive 70. Thereby, the electrode 
pad 30 is electrically connected to the external terminal 34. 
The portions excluding the connection portion are insulated 
by the solder resist film. The solder resist film may be made 
of for example, an epoxy resin. 
0159. The plating film 71 is made of, for example, Cu, Ni, 
or Au, by which the semiconductor chip 1 can electrically be 
connected to the wiring Substrate 20 in a good condition. The 
plating film 71 is formed on the inner surface 74a of the recess 
74. Thereby, the electrically-connected area of the semicon 
ductor chip 1 and the wiring substrate 20 can be larger. Fur 
ther, the semiconductor device 16 can be thinner. Addition 
ally, a via hole required for the connection pad 35 of the first 
embodiment can be eliminated. Thereby, the length between 
the electrode pad 30 and the ball terminal 33 can be shortened, 
further enhancing the electrical properties of the semiconduc 
tor device 16. 

(0160. In the sixth embodiment, similar effects to those of 
the first embodiment can be achieved. 

Seventh Embodiment 

0.161 Hereinafter, a seventh embodiment of the present 
invention is explained. 
(0162 FIG. 18 is a plane view illustrating a semiconductor 
device 17 according to a seventh embodiment of the present 
invention. FIG. 19 is a cross-sectional view taken along a line 
E-E' shown in FIG. 18. 
(0163 As shown in FIGS. 18 and 19, a difference from the 
semiconductor device of the first embodiment is in that the 
underfill 5 is provided not to cover the entire surface of the 
wiring substrate 20, but to cover only circumferences of the 
connection pads, i.e., the connection pads 35, the bump elec 
trodes 31, and the electrode pads 30. Like reference numerals 
represent like elements of the first embodiment. 
0164. Thus, only the circumferences of the connection 
pads on the wiring substrate 20 are covered by the underfill 5, 
and therefore the other portions of the wiring substrate 20 are 
not fixed onto the semiconductor chip 1. Therefore, stress 
caused by a difference in thermal expansion coefficients can 
be reduced, enhancing the reliability of a secondary mounting 
of the semiconductor device 17. 

0.165. In the seventh embodiment, similar effects to those 
of the first embodiment can be achieved. 

Eighth Embodiment 

0166 Hereinafter, an eighth embodiment of the present 
invention is explained. 
0.167 FIG. 20 is a plane view illustrating a semiconductor 
device according to an eighth embodiment of the present 
invention. As shown in FIG. 20, a difference from the semi 
conductor device of the first embodiment is in that two pre-cut 
wiring substrates 25 that are smaller than the pre-cut wiring 
substrate 19 of the first embodiment are mounted on the 
semiconductor chip 1 across one dicing side. 
0168 Similarly to the first embodiment, the two half 
pieces of the pre-cut wiring Substrates 25 are mounted on a 
non-defective semiconductor circuit along the dicing line 59 
of the defective semiconductor circuit 90. 
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0169. Thus, the small pre-cut wiring substrate 25 is appli 
cable to a semiconductor chip Smaller than the semiconductor 
chip 1, and therefore various semiconductor chips. Therefore, 
costs for manufacturing semiconductor devices can be 
reduced. 
0170 In the eighth embodiment, similar effects to those of 
the first embodiment can be achieved. 
0171 The present invention is applicable to semiconduc 
tor manufacturing and utilizing industries. 
0172. It is apparent that the present invention is not limited 

to the above embodiments, but may be modified and changed 
without departing from the Scope and spirit of the invention. 
What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising: 
forming terminals on a wafer and across each of dicing 

lines along which the wafer is cut into a plurality of 
semiconductor chips: 

preparing a plurality of pre-cut Substrates each including a 
Substrate body capable of being cut along corresponding 
one of cutting lines into a pair of same structured Sub 
strate pieces, connection pads provided on a top Surface 
of the substrate body, and external terminals formed on 
a bottom surface of the substrate body and connected to 
the connection pads; 

mounting the pre-cut substrates onto the wafer while the 
cutting lines of the pre-cut Substrates match the dicing 
lines; and 

simultaneously dicing the wafer and the pre-cut Substrates 
along the dicing lines matching the cutting lines. 

2. The method according to claim 1, further comprising 
determining whether a semiconductor circuit to be 

included in each of the semiconductor chips is defective 
or non-defective before the pre-cut substrates are 
mounted on the wafer, wherein 

the pre-cut Substrates are mounted onto the wafer at por 
tions corresponding to the semiconductor chips each 
having the semiconductor circuit determined to be non 
defective. 

3. The method according to claim 2, wherein halves of the 
pre-cut Substrates are respectively mounted onto the wafer at 
portions corresponding to the semiconductor chips each hav 
ing the semiconductor circuit determined to be non-defective 
along the dicing lines of adjacent semiconductor chips each 
having the semiconductor circuit determined to be defective. 

4. The method according to claim 1, further comprising: 
forming bump electrodes respectively onto electrode pads 

to form the terminals; and 
forming underfills to respectively cover the terminals, 

wherein 
the mounting comprises mounting the pre-cut Substrates 

onto the wafer through the underfills. 
5. The method according to claim 4, wherein the underfills 

are formed using a print mask at the forming of the underfills. 

Jul. 2, 2009 

6. The method according to claim 4, wherein the underfills 
are formed by dropping an underfill material over the wafer at 
the forming of the underfills. 

7. A semiconductor device, comprising: 
a semiconductor chip in Substantially a rectangular shape; 
a plurality of terminals provided on a bottom surface of the 

semiconductor chip along two opposing dicing sides; 
and 

a pair of Substrates mounted on the semiconductor chip 
along the dicing sides which match cut sides of the 
Substrates, each of the Substrates comprising: 
a substrate body; 
a plurality of connection pads provided on a top surface 

of the Substrate body along corresponding one of the 
cutsides and connected to corresponding terminals of 
the terminals; and 

a plurality of external terminals provided on a bottom 
surface of the substrate body and connected to the 
connection pads. 

8. The semiconductor device according to claim 7, wherein 
the external terminals respectively comprise lands. 

9. The semiconductor device according to claim 7, the 
external terminals respectively comprise lands and ball ter 
minals provided on the lands. 

10. The semiconductor device according to claim 7. 
wherein each of the Substrates comprises a recess and a plat 
ing film provided on an inner Surface of the recess. 

11. The semiconductor device according to claim 7. 
wherein each of the substrates is smaller than the semicon 
ductor chip. 

12. The semiconductor device according to claim 7. 
wherein each of the Substrates comprises an opening for 
releasing gas. 

13. The semiconductor device according to claim 7. 
wherein edges of each of the substrates are chamfered. 

14. The semiconductor device according to claim 7, further 
comprising a protect insulating film covering the bottom Sur 
face of the semiconductor chip. 

15. The semiconductor device according to claim 14, fur 
ther comprising a protector covering an exposed Surface of 
the protect insulating film. 

16. The semiconductor device according to claim 7. 
wherein the terminals are connected to the connection pads 
through an underfill. 

17. The semiconductor device according to claim 16, 
wherein the underfill is provided over each of the substrates. 

18. The semiconductor device according to claim 16, 
wherein the underfill is provided over the bottom surface of 
the semiconductor chip. 

19. The semiconductor device according to claim 16, 
wherein the underfill is provided on only circumferences of 
the connection pads. 


